Cardiac rupture following blunt thoracic trauma in motor vehicle crash generally causes death at scene, and is rarely diagnosed preoperatively. However, early emergency thoracotomy in the emergency department (ED) or operating room might reduce the mortality but the benefit is still controversial. A haemodynamically unstable 28-year-old woman following motor vehicle crash was detected to have right haemothorax on chest X-ray. Thoracic computed tomography (CT) revealed additional lung contusions and multiple bone fractures. She 
Introduction
High-speed motor vehicle collisions have resulted in an increasing number of major traumas. Cardiac rupture following blunt thoracic trauma generally causes death at the collision scene and is thus rarely encountered clinically. In the emergency department (ED), blunt traumatic cardiac rupture is associated with a high mortality rate. [1] [2] [3] However, the diagnosis is challenging to emergency physicians in the presence of stable haemodynamics. Computed tomography (CT) has high sensitivity and specificity for evaluation of organ injury in trauma patient. However, it is contraindicated when the patients are haemodynamically unstable. Until now, the management of persistent hypotension during the initial trauma evaluation and resuscitation had not been well studied. 4 Here, we report a case who suffered from haemodynamically unstable blunt cardiac rupture. CT scan confirmed massive haemothorax but it delayed the optimal timing of emergency thoracotomy.
Case
A 28-year-old woman presented to the ED in a confused state after a motor vehicle crash. She was the driver of the motor vehicle and had crashed head-on into a traffic island. She was removed from the motor vehicle by emergency medical service personnel and was immediately transferred to the ED. On arrival to the ED, the patient was drowsy and irritable, and was noted a Glasgow Coma Scale (GCS) score of 9 (E2M5V2). Her vital signs were as follows: blood pressure 187/121 mmHg, heart rate 83 beats/minute respiratory rate 16 breaths/minute, body temperature 35°C, and an oxygen saturation level of 98% in room air. Physical examination revealed huge abrasion wounds in the left chest wall and abdominal wall, and mild tenderness was noted in the upper part of the abdomen and anterior chest wall. We re-evaluated the patient and arranged FAST (Focused Assessment with Sonography in Trauma) with portable chest X-ray (CXR), which suggested a right haemothorax. There was no pericardial effusion and free peritoneal fluid in FAST examination. We promptly inserted a chest tube and 600 ml of blood was drained ( Figure 1 ). There was no life-threatening condition after a complete primary survey. We proceeded with the secondary survey without any sedative drugs, but the patient's vital signs worsened within 10 minutes, with her blood pressure falling to 62/46 mmHg, heart rate 96 beats/ minute, respiratory rate 24 breaths/minute, and an oxygen saturation level 100% under an oxygen flow of 6 L/minute. She was resuscitated with 2 large-bore intravenous catheters infusing 2000 ml of normal saline and 500 ml of colloid solution. She also received 2 units of packed red blood cells (PRBCs) in the ED. Laboratory blood examination revealed a haemoglobin level of 10.6 g/dl, alanine transaminase 183 IU/L, amylase 107 IU/L, and ethanol 70.7 mmol/L. Electrocardiography (ECG) showed sinus rhythm without myocardial injury phenomenon.
The patient's blood pressure was improved to 84/50 mmHg, while heart rate at 106 beats/minute, respiratory rate at 24 breaths/minute, and oxygen saturation level at 100%. We then arranged a contrastenhanced chest CT scan. The scan revealed a right haemothorax (Figure 2) , bilateral lung contusions, left scapular fracture, sternum bone fracture, left mandible body fracture, and right maxilla bone fracture. After that, a total of 1300 ml blood had been drained from chest tube and the patient was taken to theatre for an emergency thoracotomy. However, she collapsed during surgery and open-chest CPR was commenced. Pericardial perforation (1 cm x 1 cm) with a right atrial rupture (3 cm x 1 cm) and active bleeding were found; we performed primary repairs to the right atrium and pericardial sac, without a cardiopulmonary bypass. The patient's haemodynamics returned stable after surgery. Her outcome was uneventful after 4 months.
Discussion
Blunt cardiac rupture is rare, and is almost inevitably fatal at a collision scene or soon after arrival in the ED; the overall mortality is approximated 76%. 1 This type of injury always results from a high-speed vehicle or motorcycle crash. The main mechanism of cardiac and major vessel injury is traction or torsion at the points of attachment of the heart or aorta during direct injury, or through a sudden rise in blood pressure from compression of the chest. 2, 3, 5 Extensive traumatic haemothorax is a life-threatening condition leading to hypovolaemic shock; it requires rapid and aggressive resuscitation based on advanced trauma life support (ATLS) guidelines. 6, 7 Suspicion of delayed cardiac rupture is warranted during the management of thoraco-abdominal trauma where significant cardiac injury could be masked by the presence of other injuries. 2 In stable patients, the diagnosis can be confirmed with emergent echocardiography and chest CT. Unstable patients should be rapidly transported to operation room for life-saving emergency thoracotomy. [8] [9] However, emergency physicians may face a condition of persistent hypotension during the initial trauma evaluation and resuscitation. They have to make a decision between chest CT and emergency thoracotomy. This case report showed that chest CT may delay emergency thoracotomy in life-threatening conditions.
Blunt chest trauma with atrial rupture has a high mortality rate. Stabilisation of the patient's haemodynamics is difficult to achieve in the ED; emergency thoracotomy in theatre is necessary to control massive bleeding. 10 Pericardial tamponade, hypotension, and massive haemothorax might indicate cardiac injury; which is a life-threatening condition requiring emergency thoracotomy. Kalina et al reported that resuscitative thoracotomy enables open cardiac massage and can be performed for penetrating trauma with cardiovascular collapse, but that it has a questionable value for patients with blunt trauma. 11 However, we suggest that as a life-saving procedure, resuscitative thoracotomy in operation room plays an essential role in treating patients with blunt chest trauma. Some authors reported that resuscitative thoracotomy performed in operation room results in considerably better survival rates compared with thoracotomy performed in the ED. Nonetheless, even thoracotomy performed in the ED may result in successful treatment of serious blunt trauma to the chest if the right skills and trauma team systems are in place. 12 Resuscitative thoracotomy plays an integral role in open cardiac massage. Open-chest CPR has been advocated in cases of penetrating chest injuries to improve the survival. Patients with blunt trunk trauma developing cardiac arrest may also be benefited from open-chest CPR. Their probability of survival was shown the same as patients with penetrating injuries and this is particularly true if the procedure is started as soon as possible, at the latest within 20 minutes after initial closed-chest CPR.
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Conclusion
This case report highlights that persistent hypotension in blunt chest trauma may imply a life-threatening condition. Emergency physicians should recognise that radiological survey for evaluating traumatic thoracic injuries can delay emergency thoracotomy. Moreover, open-chest CPR may be life-saving in traumatic inhospital cardiac arrest patients.
